
Indonesian Journal of Computational and Applied Mathematics
https://ejournal.gammarisepub.com/index.php/indocam

Volume 1, Issue 2, pages 76–88, June 2025
https://doi.org/10.64182/indocam.v1i2.20, E-ISSN 3090-5281

© The Author(s) 2025. Published by Gammarise Publishing
This is an open access article under the CC BY-NC license

Research
Article

ISSN꞉ xxxx‑xxxx

COMPUTATIONAL AND APPLIED MATHEMATICS
INDONESIAN JOURNAL OF
Volume 1Issue 1February 2025

Indonesian Journal of Computational and Applied Mathematics
https://ejournal.gammarisepub.com/index.php/indocam

Volume 1, Issue 2, pages 76–88, June 2025
https://doi.org/10.64182/indocam.v1i2.20, E-ISSN 3090-5281

© The Author(s) 2025. Published by Gammarise Publishing
This is an open access article under the CC BY-NC license

Research
Article

ISSN꞉ xxxx‑xxxx

COMPUTATIONAL AND APPLIED MATHEMATICS
INDONESIAN JOURNAL OF
Volume 1Issue 1February 2025

Developing a Python-Based Application for a Discrete-Time
Population Dynamics Model

Farhah Nadhilah1, Hasan S. Panigoro2,#, Armayani Arsal1, Nurwan1,
Djihad Wungguli1, Isran K. Hasan3

1Department of Mathematics, Universitas Negeri Gorontalo, Bone Bolango 96554, Indonesia
2Biomathematics Research Group, Universitas Negeri Gorontalo, Bone Bolango 96554, Indonesia
3Department of Statistics, Universitas Negeri Gorontalo, Bone Bolango 96554, Indonesia

Abstract
Difference equation is a type of equation in mathematics that is widely used to describe certain phenomena as
time changes, one of which is in the field of population dynamics. In various studies, it is explained that solving
complex population dynamics models is by using numerical simulations. Along with the development of technology,
computational science is used to help solve mathematical problems that are difficult to solve analytically. One of them
is to use a programming language, such as Python, to help present data in a graphical form. This research aims to
develop an application that presents a computational solution to a difference equation using Python. The numerical
results begin by entering the equation and variable values into the application, which then automatically generates
a figure according to the entered equation. The figures generated in the application include one-dimensional and
two-dimensional time series, as well as a Bifurcation diagram.
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1. Introduction
Difference equations have a long history of being used to model population dynamics using

autonomous discrete time [1]. Until now, the use of difference equations has been widely used to
solve mathematical models. Research that uses difference equations to solve mathematical models
is research conducted by [2–5], which utilizes difference equations to solve mathematical models in
the field of population dynamics. Recently, one of the supporting things used to solve population
dynamics models is the ability to present solutions numerically. The numerical method is a technique
used to solve many mathematical problems that are difficult to solve using analytical methods [6]. In
various studies, it is explained that solving complicated population dynamics is by performing numer-
ical simulations [7–10]. Guedes et al. [11] provides an explanation that, for a better understanding
of computational analysis, it is important to discretize the model into discrete time. The use of the
Forward Euler Method is one of the supports used to facilitate numerical solutions to discrete models
[12].

The presentation of solutions using graphs as a result of numerical simulations is very helpful for
researchers to see the long-term solution of the resulting model. There are two types of graphical plots
often used by researchers to present models: time series and bifurcation diagrams. Time Series graphs
in population dynamics serve to visualize changes in variables over time. Using Time Series graphs,
predictions can be made about future systems based on documented time patterns [13]. Bifurcation

# Corresponding author. Email: hspanigoro@ung.ac.id
received: 26 June 2025, revised: 13 August 2025, accepted: 4 September 2025, published Online: 6 October 2025

https://ejournal.gammarisepub.com/index.php/indocam
https://doi.org/10.64182/indocam.v1i2.20
https://ejournal.gammarisepub.com/index.php/indocam
https://doi.org/10.64182/indocam.v1i2.20
mailto:hspanigoro@ung.ac.id


Nadhilah et al. Indo. Comp. Appl. Math. (June 2025) 1(2):76–88

graphs are often used to identify specific elements in a system that can influence the resulting time
series response and overall dynamics [14]. By analyzing bifurcation diagrams, it is possible to identify
parameter ranges that will lead to various types of conditions, such as stable equilibrium points, cycle
limits, or chaos dynamics [15].

The presentation of solutions in the form of graphs is certainly inseparable from the help of
computational science. Computational science is a field that provides solutions to complex mathemat-
ical problems that are difficult to solve analytically, instead solving them numerically. This computing
resource refers to a computer [16]. Python is one of the programming languages that can be used
to perform numerical simulations. Python is a dynamic, high-level programming language that can
convert source code into machine code directly when the program is run. Python supports object-
oriented programming, procedural programming approaches, and provides dynamic memory alloca-
tion [17, 18]. Python is a very good language used by beginners with simple and clear syntax [19]. In
addition to syntax that is easy to understand, there are other advantages of the Python programming
language, including having many libraries that can be used to analyze data, create graphs, and create
GUIs such as NumPy, Matplotlib, and TkInter [20]. In making a GUI (Graphic User Interface), several
packages from the Python library are needed, including Tkinter and Matplotlib.

Tkinter is a module designed for building graphical user interfaces (GUIs), while Matplotlib
focuses on creating graphs and data visualizations. Tkinter serves as Python’s interface to the Tk GUI
toolkit and has been included in Python’s standard library since the release of version 1.1 in 1994 [21].
Matplotlib is built on the principle of allowing users to create simple plots with only a few commands,
or even a single command. The structure of Matplotlib is divided into three main components: first,
the pylab interface, which consists of functions from matplotlib.pylab that enable users to create plots
with MATLAB-like syntax; second, the Matplotlib frontend or API, a set of classes that handle the
creation and management of images, text, lines, and plots; and third, the backend, a drawing tool
that uses a renderer to translate the frontend’s representation into either a display or printed output
[22].

In this article, we provide a new Python-based application for discrete time dynamics models that
has the following main contributions it can graph time series and bifurcations for difference equations
constructed using forward Euler. To describe the results, we organize the article as follows: Section 2
explains the method of creating applications using the waterfall method. In Section 3, we demonstrate
the successful simulation of time series graphs and bifurcations, and validate the application using the
equations presented in the reference article. The last, in Section 4, are the conclusions of this research.

2. Methods
This research method begins with conducting a literature study. This research studies books,

journals, scientific articles, other literature sourced from the internet regarding Python-based numer-
ical simulations for two-dimensional discrete dynamical systems in the field of population dynamics
with the aim of obtaining all the information needed in this research. Furthermore, the Waterfall
method is used as a software development method that is often used. This development method
approaches systematically and sequentially, using the waterfall method the next stage will not be
implemented before the previous stage is completed [23].

This type of research is qualitative research and development research. Qualitative research is
conducted using data based on word groupings and not the number. Then the development research
carried out by producing an application made using the Python programming language.

3. Results and Discussion
The result of this research is an application that can be used to simulate discrete dynamic system

graphs in the form of Time Series and Bifurcation graphs with the waterfall method which is divided
into five parts, below will explain the process of making applications using the waterfall method.
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Figure 1. Waterfall Diagram

3.1. System Analysis and Design Based on Waterfall Method
3.1. Requirement

The analysis of the needs needed in this application includes functional requirements that can
function to produce one-dimensional and two-dimensional Time Series and Bifurcation graphs by
entering equations and parameters manually by the user and then the graph can be saved on the
user’s device.

3.1. Design
In the design section there are twelve different windows that each have their own function. In

the initial display there is a button for PRATINJAU APLIKASI which serves to explain the functional
items that will be used in making graphics, then there is a START button which serves to start the
application, the TENTANG APLIKASI button serves to provide information about the application
developer and the purpose of the application created.

In the PRATINJAU APLIKASI page, there are four different sections for one-dimensional and
two-dimensional Time Series graphs and one-dimensional and two-dimensional Bifurcation graphs,
which explain the function of each item in the simulation.

In this page, there are four different sections, each of which contains item descriptions for each
window used in charting

Then the TENTANG APLIKASI item will be displayed below. This document explains the
purpose of the application and includes information about the application designer.

After pressing the START button, the user will enter the display to start the simulation, there
are five different button options divided into two sections. The top section has buttons for one-
dimensional Time Series and Bifurcation. The bottom section has buttons for Time Series and two-
dimensional bifurcation. The last button is BACK to return to the home page.

The Two-Dimensional Time Series page has several sections in it that are almost similar to the
One-Dimensional Time Series. There are two different EQUATION to enter two different equa-
tions, for each equation there are x and y variables. ITERATION section to fill the iteration value
desired by the user, STEP SIZE to fill the step value from the starting point to the next point,

INVAL (INITIAL VALUE) 1 and INVAL (INITIAL VALUE) 2 to enter the initial value of each equa-
tion, X1_LABEL and Y1_LABEL , to name the x and y labels of the first graph, X2_LABEL and

Y2_LABEL to name the x and y labels of the second graph, PLOT button to plot the graph,
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Figure 2. First page (Home View) of the application

Figure 3. The application preview page

SAVE PLOT button to save the graph that has been plotted, and BACK button to return to the
second page of the application.

The Bifurcation page for two dimensions is not much different from the one-dimensional Bifur-
cation page, there are several sections in it. Two different EQUATION to enter different equations
that will be plotted, ITERATION to enter the iteration value desired by the user, TAIL POINT
to determine the final value, INVAL (INITIAL VALUE) 1 and INVAL (INITIAL VALUE) 2 to enter
the initial value of each equation, enter the value of ∆0, ∆N, and NUM POINT , X1_LABEL and

Y1_LABEL to name the x and y labels of the first graph, X2_LABEL and Y2_LABEL to name the
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Figure 4. The application preview page

Figure 5. The "About Application" page

x and y labels of the second graph, PLOT to plot the graph, SAVE PLOT button to save the plotted
graph, BACK button to return to the second page of the application.

3.1. Implementation
The implementation that will result from this research is a discrete dynamic system simulation

application to produce one-dimensional and two-dimensional graphs made using Spyder software
using the Python programming language. This program enables users to easily produce discrete dy-
namic system graphs by entering equations and variable values within the application. Below, the
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Figure 6. The "Start" page

Figure 7. Two-dimensional time-series page

Euler Forward Discrete Dynamical System Simulation application will be explained in more detail.
This section is the implementation stage of the program, which involves creating two-dimensional
discrete dynamic system graphs on Time Series graphs. It begins by filling in the EQUATION 1 and

EQUATION 2 sections with the corresponding equations. The equation in this process only involves
the variables x and y for other parameters can be written directly, enter the ITERATION value which
serves to model the variable changing over time, enter the STEP SIZE value which serves as the time
distance or interval between the starting point to the next point in the curve, enter the initial value
for INVAL 1 used for EQUATION 1 , as well as for INVAL 2 used for EQUATION 2 , then enter
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Figure 8. Two-dimensional bifurcation page

Figure 9. two dimensional time series page

a name to label X1_LABEL and X2_LABEL and Y1 and Y2 LABEL . Press the plot to start
plotting the graph. To save the generated graph, press the SAVE PLOT button, and the graph will be
saved to the user’s device.

Furthermore, the implementation of the Bifurcation graph begins by filling in the EQUATION 1
and EQUATION 2 sections with equations. The equation in this process only involves the variables x
and y for other parameters can be written directly, entering the ITERATION value which functions as
an iterative calculation process described by the number of points that can be described by the system,
entering the TAIL POINT value which functions to provide an overview of the long-term behavior of a
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Figure 10. Two dimensional bifurcation page

Figure 11. First Validation

system which is described at the end points of the graph, then enter the value of ∆_0 and ∆_N
which serves as the initial limit and the final limit of the bifurcation parameters to be described, fill
in the value of NUM POINT to control the calculated points in the range, then enter the initial value
for INVAL 1 used for EQUATION 1 , as well as for INVAL 2 used for EQUATION 2, then enter a
name to label the X1_LABEL and X2_LABEL and Y1_LABEL and Y2_LABEL . Press plot to
start plotting the graph, if you want to save the graph that has been generated press the SAVE PLOT
button, and the graph will be saved on the user’s device.
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Figure 12. Second validation

Figure 13. Third Validation

3.1. Verification
At this stage, tests will be conducted on the application to determine whether it has run ac-

cording to the needs analysis. This application test is conducted by comparing the results of graphs
generated using the application with those graphs in the article.

3.1. Maintenance
At this stage, the program can be run according to the commands desired by the user. Further

maintenance can be done when there are errors occur when running the program. Maintenance can
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Figure 14. Fourth validation

also be performed if you wish to further develop the program.

3.2. Validation
After applying the waterfall method to create the application, the program will be validated by

comparing the graph results in the article with those generated by the application. Validation will be
carried out by comparing the graph results in the article [2] using equation 10 below

Sn+1 =

[
rSn(1−

Sn + In

K
)−βSnIn +ωIn

]
In+1 = [βSnIn − (ω +δ )In]

Then using parameter 16

r = 0.5, K = 5, β = 0.05, ω = 0.2

From equation 10 and parameter 16, the equation that will be entered in the application is

xn+1 =

[
rSn(1−

xn + yn

K
)−βxnyn +ωyn

]
yn+1 = [βxnyn − (ω +δ )yn]

From the Figure 11, it can be seen that the graph generated in the application is not much
different from that in Figure 3 given by Panigoro et al. [2]. For the placement of the starting point and
the number of step sizes in the application is in accordance with those in the article. Furthermore, the
bifurcation graph using the equation

xn+1 = [rSn(1−
xn + yn

K
)−βxnyn +ωyn]

yn+1 = [βxnyn − (ω +δ )yn]

From the Figure 12, it can be seen that the image in the application and Figure 2 part (a) in
the article [2] are not much different. For the placement of the starting point, ∆0, and ∆N in the
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application is adjusted to produce a similar image in the article. The next validation will compare the
graph found in the article [24] using equation 5 and parameter 14. Below is written the equation that
will be used

S = [rS(1− S+ I
K

)− (S−m)−βSI +ωI]

I = [βSI − (δ +ω)I]

Because the above equation is still in the form of variables S and I, then S and I will be changed first
for S to x and I to y. Then the parameters used are :

β = 0.2, ω = 0.1, δ = 0.1, r = 0.6 m = 0.3, K = 4

Based on equation 5 and parameter 14, the equation to be used in the application is written below:

x = [0.6∗ x∗ (1− x+ y
4

)− (x−0.3)−0.2∗ x∗ y+0.1∗ y]

y = [0.2∗ x∗ y− (0.1+0.1)∗ y]

From Figure 13, it can be seen that the image in the application and the graphic image 1 in the article
[24] are not much different. The initial value is in the same position, and for the placement of the
starting point, ∆0, and ∆N in the application, adjustments are made to produce a similar image in the
article.

The fourth validation will be performed by comparing the graphs presented in the article [25]
using Equations 2a and 2b below.

Hn+1 = [(r1 −a1Pn −b1Hn − c1)Hn]

Pn+1 = [(r2 −a2
Pn

Hn
− c2)Pn]

Using parameters:

r1 = 1.6, r2 = 1.0, a1 = 0.7, a2 = 1.5, b1 = 0.3, c1 = 0.821,
c2 = 0.859

Based on equations 2a and 2b and the parameter values that have been written, the equations used in
the simulation are

x = [(1.6−0.7∗ y−0.3∗ x−0.821)∗ x]
y = [(1.0−1.5∗ y

x
−0.859)∗ y]

From the Figure 14, it can be seen that the image in the application and the image of graph 1 in the
article [25] are not much different. The initial value is in the same position and for the placement of
the starting point ∆0 and ∆N in the application according to the image in the article.

4. Conclusion
The results of the research show that Python-based applications can be run. There are four dif-

ferent programs that can be run on the application: making one-dimensional and two-dimensional
Time Series graphs, as well as creating one-dimensional and two-dimensional Bifurcation graphs.
Graph generation is performed by manually entering equations and parameters in the application,
after which the graph can be saved to the user’s device. Validation results are obtained by compar-
ing graphs from the reference article with those from the application, using the same equations and
parameters as in the article. The resulting graph can vary according to the equations and parameters
selected by the user. The program will experience errors if the equation entered does not use the x
and y variables.
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